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1 Introduction  
Pore network models (PNMs) are used to study (multiphase) flow in different application areas, such as 
petroleum engineering, hydrology and building material research. These models represent the pore space by 
pores (larger void areas) and pore throats (the narrower pathways connecting pores) with a simplified 
geometry, and can be extracted from a 3D representation of the material under research, most notably X-
ray microcomputed tomographs (Dong and Blunt, 2009). 
An advantage of PNMs is that they can be applied to study fluid flow properties in natural building stones. 
These properties are of importance because they affect weathering of the stone, including  those weathering 
effects induced by salt or ice crystallization (Charola, 2000; Ingham, 2005).  
In this study we employ three different PNM extraction methods to micro-computed tomography (micro-
CT) scans of three different varieties of Bentheimer sandstone. Mineralogically these varieties are very 
similar, but their pore spaces differ significantly. Therefore, differences in weathering behaviour can be 
ascribed almost completely to these differences in pore space. 
We compare simulation results for fluid flow in building stones obtained by the three different PNM 
extraction methods with simulations performed directly on micro-CT images of the stone. Furthermore, we 
use static properties of the PNMs to explain differences in capillary absorption coefficient between the 
three Bentheimer varieties. In a later stage, these simulation results can eventually be used to explain 
differences in freeze/thaw weathering behaviour. 
  
2 PNM extraction methods 
 
Three different PNM extraction methods have been tested in this study. The first one is based on a grain 
recognition (GR) followed by an ultimate dilation of the grains. The resulting Voronoi polyhedra can be 
seen as the nodes of the network (Bakke and Øren, 1999). We used the implementation of this method in 
Lithicon’s E-Core software. 
The second method is a medial axis (MA) based PNM extraction. An accurate medial axis and the specific 
geometry and topology preserving description of the network are achieved by applying symmetrical and 
interval strategies during the erosion step in the image processing (Jiang et al., 2007). 
The third method is a maximal ball (MB) method. This algorithm finds the largest inscribed spheres centred 
on each voxel of the pore space that just touch the grain boundary. Spheres included in other spheres are 
viewed as inclusions and removed. The remaining “maximal balls” describe the pore space without 
redundancy. Locally, the largest maximal balls identify pores while the smallest balls between pores are 
throats (Dong and Blunt, 2009). 
 
3 Results 
 
High resolution X-ray µCT scans of the three different Bentheimer varieties (“Gildehaus”, “Bentheim” and 
“Dense”) were made at the Ghent University Centre for Tomography (Masschaele et al., 2007; 
www.ugct.ugent.be) with a resolution of approx. 5 µm. The scans were reconstructed with Octopus 
(Vlassenbroeck et al., 2007; www.octopusreconstruction.com) and analysed using the in-house image 
analysis software Morpho+ (Brabant et al., 2011). The porosities of the “Gildehaus”, “Bentheim” and 
“Dense” varieties obtained with Morpho+ were respectively 22 %, 17 % and 24 %.  
PNMs were extracted from cubic subsamples of (2.5 mm)³ of the micro-CT images after segmentation. 
Next to the static properties of the PNMs, the permeability and the mercury intrusion capillary pressure 
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(MICP) curve were calculated. Network permeabilities are compared with permeabilities calculated directly 
on the micro-CT images with a lattice-Boltzmann (LB) method (implemented in E-Core). The MICP curves 
calculated on the networks are compared with curves calculated directly on the micro-CT images with a 
distance-transform based method (implemented in E-Core). These tests indicate whether the PNMs are 
able to capture the connectivity and the geometry of their 3D input images. 
 
Capillary absorption experiments (according to European Standard NBN EN 1925:1999) indicated a large 
difference in the capillary absorption rate of the “Gildehaus” and “Bentheim” varieties. Capillary absorption 
in the first variety is very fast (C = 573 g/m².√s). The “dense” variety has a slightly higher absorption 
coefficient (C = 703 g/m².√s), while the “Bentheim” variety has a capillary absorption coefficient of just 
46 g/m².√s. The static PNM properties indicate that differences concerning node and link radius between 
“Gildehaus” and ‘Bentheim” varieties are small. The main differences between PNMs of both stones are 
the porosity and the connectivity. The “Dense” variety’s network consists of larger nodes and links, with a 
high connectivity, resulting in very fast capillary uptake. 
4 Conclusion 
 
A grain recognition/Voronoi based PNM extraction method, a medial axis based extraction method and a 
maximal ball extraction algorithm were compared with one another in order to assess their suitability in 
fluid flow modelling for natural building stones. Static properties of these networks proved valuable in 
explaining differences in the capillary absorption coefficient for the three different Bentheimer varieties 
tested. 
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